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(57) Abstract 

An aerodynamic low drag structure (12) has a skin (18, 19, 20) which in movement of the structure (12) relative to a surrounding 
gaseous fluid medium produces at a flow control region of the skin (18) laminar flow in a boundary layer adjacent the skin, To improve 
boundary layer control, gaseous fluid is withdrawn from the boundary layer at the flow control region into a first inlet opening (21 22 23) 
in the skin (18) and is conveyed along a first fluid flow path (241, 242) within the structure (12) for discharge at a discharge open'ing'(28) 
downstream of the first inlet opening (21, 22, 23), Gaseous fluid is withdrawn at a second inlet opening (26) in the skin (20) at a region 
of the skin subjected to gaseous fluid at ramming pressure and conveyed along a second fluid flow path (27, 242) within the structure to 
the discharge opening (28) or a further discharge opening. Fluid under ramming pressure in the second fluid flow path (27, 242) causes 
the fluid in the first fluid flow path (241, 242) to be impelled along the first fluid flow path thereby causing fluid to be withdrawn from the 
boundary layer and to be discharged from the discharge opening (28). 
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Boundary Layer Control in Aerodynamic 
Low Drag Structures 



The present invention relates to boundary layer control 
in aerodynamic low drag structures and is particularly 
although not exclusively concerned with the control of 
laminar flow of air in a boundary layer adjacent an outer 
skin surface of an aero-engine nacelle. 

It is well known to provide control over a boundary layer 
adjacent an aerodynamic surface exposed to air flow over 
it by injecting air into the boundary layer or by 
withdrawing air from it. In boundary layer control by 
injection of air, high speed air is blown into the 
boundary layer to prevent or control separation, that is 
to say, detachment of the flow from the aerodynamic 
surface with which it has been in contact. In boundary 
layer control by withdrawal of air from the boundary 
layer, separation is prevented or controlled by removing 
the layer which would otherwise separate. In addition to 
preventing or controlling separation, withdrawal of air 
has also been used to prevent or control boundary layer 
transition, that is to say, the change from laminar to 
turbulent flow in the boundary layer and is of particular 
interest in maintaining laminar flow over surfaces of 
structures required to have low drag characteristics. 

Aero-engine nacelles are routinely designed to provide 
outer skin profiles having low drag characteristics. It 
has been found that the aerodynamic efficiency of the 
nacelle is seriously impaired by transitions from laminar 
flow to turbulent flow in the boundary layer adjacent the 
outer skin. The maintenance of laminar flow 
significantly improves the specific fuel consumption 
(SFC) of the engine and in consequence efforts are 
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constantly being made to produce and sustain laminar 
flow. 

It has been proposed to encourage laminar flow over a 
nacelle outer skin by withdrawing air through the nacelle 
skin by the use of suction pumps and exhausting the 
withdrawn air into turbulent air flow downstream of the 
nacelle. Such proposals have however made use of 
electrical power, bleed air from the engine compressor or 
ejectors which also make use of engine compressor bleed 
air. There is however the disadvantage that while the 
specific fuel consumption (SFC) of the engine is improved 
by the introduction and maintenance of laminar flow the 
energy employed to drive the suction pumps and to create 
the laminar flow has the opposite effect and reduces the 
specific fuel consumption of the engine. 

It is an object of the present invention to provide a 
means by which laminar airflow over a nacelle outer skin 
can be improved by withdrawing air through the nacelle 
skin but which does not suffer or does not suffer to the 
same extent from the above-mentioned disadvantage. 

According to a first aspect of the present invention, 
there is provided an aerodynamic low drag structure which 
has a skin and which in movement of the structure 
relative to a surrounding gaseous fluid medium produces 
at a flow control region of the skin laminar flow of the 
gaseous fluid in a boundary layer adjacent the skin, 
characterised by the provision of a first inlet opening 
in the skin in the flow control region, first gaseous 
fluid conveying means within the structure by which fluid 
withdrawn from the boundary layer into the first inlet 
opening is conveyed along a first fluid flow path within 
the structure for discharge from the structure at a 
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discharge opening downstream of the first inlet opening, 
a second inlet opening in the skin of the structure in a 
gaseous fluid ram region of the skin in which the skin is 
subjected to gaseous fluid of the surrounding medium at a 
predetermined ramming pressure, second gaseous fluid 
conveying means within the structure in which gaseous 
fluid under ramming pressure is conveyed from the second 
inlet opening in the skin along a second fluid flow path 
within the structure to the discharge opening or a 
further discharge opening and impelling means so 
positioned and arranged that the flow of fluid under 
ramming pressure in the second fluid flow path causes the 
fluid in the first fluid flow path to be impelled along 
the first fluid flow path from the first inlet opening to 
the discharge opening thereby to cause fluid to be 
withdrawn from the boundary layer in the flow control 
region and to be discharged from the discharge opening. 

In an embodiment of the invention hereinafter to be 
described the impelling means is so positioned and 
arranged that the gaseous fluid conveyed under ramming 
pressure in the second fluid flow path from the second 
inlet opening imparts drive. to the impelling means and 
the impelling means is responsive to the drive imparted 
thereto to impel the fluid in the first gaseous flow 
path. 

In an embodiment of the invention hereinafter to be 
described the impelling means comprises a rotor with 
impeller blades which operate in the first fluid flow 
path to impel the fluid therein from the first inlet 
opening to the discharge opening and the rotor is 
arranged to be rotatably driven by fluid flowing in the 
second fluid flow path. The impeller blades of the rotor 
may then operate in the second fluid flow path so as to 



WO 95/19290 



PCT/GB95/O004S 



- 4 - 

be rotatably driven by gaseous fluid under ramming 
pressure flowing therein. Alternatively, the rotor is 
provided with further blades which operate in the second 
fluid flow path so as to be rotatably driven by gaseous 
fluid under ramming pressure therein. 

According to a second aspect of the present invention 
there is provided an aero engine nacelle having a low 
drag structure according to the first aspect of the 
invention, wherein the structure includes a nacelle skin 
having an outer skin portion which produces at a flow 
control region thereof laminar flow of air in a boundary 
layer adjacent the outer skin portion and an inner skin 
portion which defines an air intake duct for the flow of 
intake air, wherein the first inlet opening is provided 
in the outer skin portion at the flow control region 
thereof and wherein the second inlet opening is provided 
in a ram air region of the nacelle skin. 

According to a third aspect of the invention there is 
provided an aircraft propulsive power unit including a 
nacelle according to the second aspect of the invention 
and an aero-engine to which intake air is supplied 
through the air intake duct. 

In an embodiment of the invention hereinafter to be 
described, the second inlet opening is provided at a ram- 
air region of the inner skin portion. 

According to a fourth aspect of the invention there is 
provided a ducted fan turbine unit according to the third 
aspect of the invention wherein a fan is located in the 
air intake duct for the supply of by-pass air under 
pressure to a by-pass fan duct formed in part by the 
inner skin portion of the nacelle skin and wherein the 
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second inlet opening is provided in the inner skin 
portion at a ram-air region of the by-pass fan duct 
downstream of the fan. 

Embodiments of the invention will now be described by way 
of example with reference to the accompanying drawings in 
which: - 

Fig 1 is a schematic part sectional side elevation 
of a ducted fan aero engine propulsive power unit 
according to a first embodiment of the invention, 

Fig 2 is a schematic isometric view of impelling 
means according to the first embodiment of the 
invention, 

Fig 3 is a schematic isometric view of impelling 
means according to a second embodiment of the 
invention. 

Referring to Fig 1 of the drawings, a propulsive power 
unit 10 is shown which comprises a core engine 11 housed 
within an engine nacelle 12. The core engine 11 is a 
gas turbine engine of a form well known in the art and 
includes a fuel supply section, a combustion section 
including a combustion chamber, an exhaust section 
terminating in an propulsion nozzle and a compressor 
section for supplying air under pressure to the 
combustion chamber. The compressor section of the core 
engine 11 is supplied with air through an air intake 
opening 13 formed by an annular nose portion 14 of the 
nacelle 12. 

The power unit 10 is a ducted fan turbine power unit in 
which a proportion of the air passing through the intake 
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opening 13 is diverted into an annular fan duct 15 
defined by an outer surface of the core engine 11 and an 
inner surface of the nacelle 12. The diverted air which 
passes through the annular duct 15 by-passes the 
compressor, combustion and exhaust sections of the core 
engine 11 and is discharged from the rear of the nacelle 
together with the efflux from the propulsion nozzle of 
the core engine 11. Part of the net energy developed by 
the core engine 11 is employed to drive a fan 16 having 
radial blades 17 which produce a propulsive force on the 
unit 10 by impelling intake air through the fan duct 15. 

The nacelle 12 is of a configuration well known in the 
art and comprises a forward outer skin portion 18 which 
terminates at its foremost extent in a lipskin 19 which 
forms the annular nose portion 14 of the nacelle and an 
inner skin portion 20 which extends rearward ly from the 
lipskin 19 to form the outer wall of the fan duct 15. 

Toward the front of the outer skin portion 18, there are 
provided a plurality of suction slots 21, 22 and 23 which 
extend circumf erentially over a predetermined arc of 
nacelle 12 and which communicate with a common conveying 
duct 24 having forward and rearward duct portions 241 and 
242 through which air is impelled under the action of a 
rotary suction pump 25. The pump 25 hereinafter to be 
described includes a rotor with impeller blades which 
operate in the conveying duct 24 to impel air therein 
from the suction slots 21 to 23 to a discharge opening 28 
in the nacelle skin downstream of the slots 21, 22 and 
23. 

At a region of the inner skin 20 of the nacelle 12 
downstream of the fan 16 there is formed an inlet opening 
26 which leads to a ram-air duct 27 which supplies fan 
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air to the pump 25 which as hereinafter to be described 
is rotatably driven by the fan air which then discharges 
into the conveying duct portion 242 downstream of the 
pump 25. 

Referring now to Fig 2 the rotary pump 25 described with 
reference to Fig 1 comprises a cylindrical casing 29 
within which is co-axially mounted a rotor 30 formed by a 
hub 31 and a plurality of radially extending impeller 
blades 32. The casing 29 is provided with two inlet 
openings 33 and 34 which provide fluid flow communication 
with the duct portion 241 and fluid flow communication 
with the ram-air duct 27 and an outlet opening 35 which 
provides fluid flow communication with the duct portion 
242 of the conveying duct 24. 

The fan air supplied by the ram-air duct 27 to the pump 
25 is at an elevated pressure developed by the action of 
the fan 16 and is, as shown, arranged to impinge as ram 
air on the impeller blades 32 of the pump rotor 30 
causing the rotor 30 to rotate in the direction of the 
arrow A. Rotation of the rotor 30 then causes the 
impeller blades 32 to withdraw air through the suction 
slots 21 to 2 3 and convey it along duct portions 241 and 
242 of the conveying duct 24 for discharge at the 
discharge opening 28. 

In an alternative embodiment of the invention described 
with reference to Fig 3, the rotary pump 25 is replaced 
by a rotary pump 251 which comprises a casing 291 housing 
a rotor 301 having a hub 311 upon which are mounted two 
sets of impeller blades 321 and 322. Openings 331 and 
351 in the casing 291 provide fluid communication with 
the duct portions 241 and 242 while further openings 341 
and 3 52 provide fluid communication with the ram-air duct 
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27 and a discharge duct 243. 

In the operation of the pump 251 shown in Fig 3, the fan 
air supplied by the ram-air duct 27 is arranged to 
impinge as ram air on the impeller blades 321 of the pump 
rotor 3 01 causing the rotor 301 to rotate in the 
direction of the arrow A. Rotation of the rotor 3 01 then 
causes the impeller blades 322 to withdraw air through 
the suction slots 21 to 23 and convey it along the duct 
portions 2 41 and 242 of the conveying duct 24 for 
discharge at the discharge opening 28. 

The fan air applied to the impeller blades 321 from the 
ram-air duct 27 discharges from the pump casing along the 
discharge duct 243 which can be arranged to merge with 
the duct portion 242 for discharge of the fan air at the 
discharge opening 28. Alternatively, the discharge duct 
243 can be arranged to terminate at a further discharge 
opening located either elsewhere in the outer skin 18 of 
the nacelle or in the inner skin 20 of the nacelle 12 at 
a low pressure region downstream of the ram-air duct 27. 

The by-pass fan air in the fan duct 15 is advantageously 
arranged to drive the suction pump 25 or 251 via an air 
inlet opening in the fan cowl of the nacelle. 

While only one assembly of suction slots, rotary suction 
pump and conveying and ram-air ducts has been described 
with reference to Fig 1 of the drawings it will be 
appreciated that a plurality of such assemblies can be 
provided in spaced relation about the circumference of 
the nacelle. Furthermore, a plurality of pumps may be 
provided in spaced relation about the circumference of 
the nacelle with conveying and ram-air ducts for use with 
one or more suction slots or one or more assemblies of 
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slots. 

It is furthermore to be understood that while the 
disposition of the inlet opening 26 for the duct 27 has 
been chosen downstream of the fan 16, the pump 25 could 
be driven by ram air provided at an inlet opening in the 
nacelle outer skin 18 or in the inner skin 20 upstream of 
the fan 16 provided the ram air pressure is sufficient to 
operate the pump 25. 
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CLAIMS 

1. An aerodynamic low drag structure which has a 
skin and which in movement of the structure relative to a 
surrounding gaseous fluid medium produces at a flow 
control region of the skin laminar flow of the gaseous 
fluid in a boundary layer adjacent the skin, 
characterised by the provision of a first inlet opening 
in the skin in the flow control region, first gaseous 
fluid conveying means within the structure by which fluid 
withdrawn from the boundary layer into the first inlet 
opening is conveyed along a first fluid flow path within 
the structure for discharge from the structure at a 
discharge opening downstream of the first inlet opening, 

a second inlet opening in the skin of the structure in a 
gaseous fluid ram region of the skin in which the skin is 
subjected to gaseous fluid of the surrounding medium at a 
predetermined ramming pressure, second gaseous fluid 
conveying means within the structure in which gaseous 
fluid under ramming pressure is conveyed from the second 
inlet opening in the skin along a second fluid flow path 
within the structure to the discharge opening or a 
further discharge opening and impelling means so 
positioned and arranged that the flow of fluid under 
ramming pressure in the second fluid flow path causes the 
fluid in the first fluid flow path to be impelled along 
the first fluid flow path from the first inlet opening to 
the discharge opening thereby to cause fluid to be 
withdrawn from the boundary layer in the flow control 
region and to be discharged from the discharge opening. 

2 . A structure according to claim 1 wherein the 
impelling means is so positioned and arranged that the 
gaseous fluid conveyed under ramming pressure in the 
second fluid flow path from the second inlet opening 
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imparts drive to the impelling means and wherein the 
impelling means is responsive to the drive imparted 
thereto to impel the fluid in the first gaseous flow 
path. 

3. A structure according to claim 2, wherein the 
impelling means comprises a rotor with impeller blades 
which operate in the first fluid flow path to impel the 
fluid therein from the first inlet opening to the 
discharge opening and wherein the rotor is arranged to be 
rotatably driven by fluid flowing in the second fluid 
flow path. 

4. A structure according to claim 3, wherein the 
impeller blades of the rotor operate in the second fluid 
flow path so as to be rotatably driven by gaseous fluid 
under ramming pressure flowing therein. 

5. A structure according to claim 3, wherein the 
rotor is provided with further blades which operate in 
the second fluid flow path so as to be rotatably driven 
by gaseous fluid under ramming pressure therein. 

6. An aero engine nacelle having a low drag 
structure according to any of claims 1 to 5, wherein the 
structure includes a nacelle skin having an outer skin 
portion which produces at a flow control region thereof 
laminar flow of air in a boundary layer adjacent the 
outer skin portion and an inner skin portion which 
defines an air intake duct for the flow of intake air, 
wherein the first inlet opening is provided in the outer 
skin portion at the flow control region thereof and 
wherein the second inlet opening is provided in a ram air 
region of the nacelle skin. 



(" 
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7. A propulsive power unit for an aircraft 

including a nacelle according to claim 6, and a aero- , 

engine to which intake air is supplied through the air 

intake duct. . 

8. A power unit according to claim 7, wherein the 
second inlet opening is provided at a ram-air region of 
the inner skin portion. 

9. A by-pass gas turbine power unit according to 
claim 8 , including a compressor located in the air intake 
duct for compressing intake air for the supply of intake 
air under pressure to the engine and to a by-pass duct 
formed in part by the inner skin portion of the nacelle 
skin and wherein the second inlet opening is provided in 
the inner skin portion at a ram-air region of the by-pass 
duct . 

10. An aerodynamic low drag structure substantially 
as hereinbefore described with reference to Figs 1 and 2 
or Fig 3 of the accompanying drawings. 

11. An aero engine nacelle substantially as 
hereinbefore described with reference to Figs'l and 2 or 
Fig 3 of the accompanying drawings. 

12. A propulsive power unit for an aircraft 
including a nacelle according to claim 11 and 
substantially as hereinbefore described with reference to 
Figs 1 and 2 or Fig 3 of the accompanying drawings. 



INTER^ riONAL SEARCH REPORT 



f 



Interr. s&,. plication No 

PCT/GB 95/00045 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 B64C21/06 B64D29/00 F02C1/02 



According to International Patent Classification (IPC) or to both national classification and IPC 



13. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 B64C B64D F02C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " 



Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US.A.2 646 945 (PERRY) 28 July 1953 

see column 3, line 33 - line 52; figure 6 

US, A, 2 833 492 (FOWLER) 6 May 1958 
see column 4, line 28 - line 40 

US, A, 4 607 657 (HIRSCHKRON) 26 August 1986 
see column 4, line 24 - line 45; figure 5 

GB.A.2 232 132 (GENERAL ELECTRIC COMPANY) 
5 December 1990 

see page 10, line 25 - page 11, line 3 



1,2 
3 
4 
6 



□ 



Further documents arc listed in the continuation of box C. 



0 



Patent family members arc listed in annex. 



' Special categories of cited documents : 

'A' document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

Tiling date 

'L' document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

'P* document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'V document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&' document member of the same patent family 



Date of the actual completion of the international search 



3 April 1995 



Date of mailing of the international search report 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. ( + 31-70) 340-2040, Tx. 31 651 epo rd, 
Fax ( + 31-70) 340-3016 



Authorized officer 



Hauglustaine, H 



Form PCT/ISA/210 (jeconii ihMt) (July 1992) 



INTER! ITONAL SEARCH REPORT 

information on patent family members 



Inter jnai . .pplication No 

PCT/GB 95/00045 



Patent document 
cited In search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US-A-2646945 



28-07-53 



US-A-2833492 
US-A-4607657 



06-05-58 
26-08-86 



GB-A-2232132 



05-12-90 



NONE 



NONE 



CA-A- 

DE-A- 

FR-A- 

GB-A.B 

JP-A- 



1250750 
3611803 
2589197 
2182100 
61283729 



US-A- 
CA-A- 
DE-A- 
FR-A- 
JP-A- 



4993663 
2012248 
4017076 
2647749 
3050100 



07-03-89 
30-04-87 
30-04-87 
07-05-87 
13-12-86 



19-02-91 
01-12-90 

06- 12-90 

07- 12-90 
04-03-91 



Form PCT/1SA/2I0 (pitenl funlly annex) (July 1992} 



